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Mechanistic Studies Referred to from the Main Manuscript 

 

A series of studies were performed to gain insight into the reaction mechanism and investigate 

factors involved in controlling the amide acylation protocol (Schemes SI-1A-C).  

 

Scheme S1-A. Intermolecular Competition Experiments: Grignard Reagents. Conditions: 1 (1.0 

equiv), organomagnesium reagent (1.0 equiv each), toluene (0.25 M), 23 °C, 3 h. 

 

Scheme S1-B. Intermolecular Competition Experiments: Amides. Conditions: 1 (1.0 equiv 

each), organomagnesium reagent (1.0 equiv), toluene (0.25 M), 23 °C, 3 h. 

 

Scheme S1-C. Intermolecular Competition Experiments: Amides. Conditions: 1 (1.0 equiv 

each), organomagnesium reagent (1.0 equiv), toluene (0.25 M), 23 °C, 3 h. 
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List of Known Compounds/General Methods 

All starting materials reported in the manuscript have been previously described in literature and 

prepared by the method reported previously, unless stated otherwise. Amides was prepared by 

standard methods.1-10 All experiments were performed using standard Schlenk techniques under 

argon or nitrogen atmosphere unless stated otherwise. All solvents were purchased at the highest 

commercial grade and used as received or after purification by passing through activated alumina 

columns or distillation from sodium/benzophenone under nitrogen. All other chemicals were 

purchased at the highest commercial grade and used as received. Reaction glassware was oven-

dried at 140 °C for at least 24 h or flame-dried prior to use, allowed to cool under vacuum and 

purged with argon or nitrogen (three cycles). All products were identified using 1H NMR 

analysis and comparison with authentic samples. GC and/or GC/MS analysis was used for 

volatile products. All yields refer to yields determined by 1H NMR and/or GC or GC/MS using 

an internal standard (optimization) and isolated yields (preparative runs) unless stated otherwise. 

1H NMR and 13C NMR spectra were recorded in CDCl3 on Bruker spectrometers at 500 (1H 

NMR) and 125 MHz (13C NMR). All shifts are reported in parts per million (ppm) relative to 

residual CHCl3 peak (7.27 and 77.2 ppm, 1H NMR and 13C NMR, respectively). All coupling 

constants (J) are reported in hertz (Hz). Abbreviations are: s, singlet; d, doublet; t, triplet; q, 

quartet; brs, broad singlet. GC-MS chromatography was performed using Agilent HP6890 GC 

System and Agilent 5973A inert XL EI/CI MSD using helium as the carrier gas at a flow rate of 

1 mL/min and an initial oven temperature of 50 °C. The injector temperature was 280 °C. The 

detector temperature was 280 °C. For runs with the initial oven temperature of 50 °C, 

temperature was increased with a 10 °C/min ramp after 50 °C hold for 3 min to a final 

temperature of 280 °C, then hold at 280 °C for 10 min (splitless mode of injection, total run time 

of 33.00 min). All flash chromatography was performed using silica gel, 60 Å, 300 mesh. TLC 

analysis was carried out on glass plates coated with silica gel 60 F254, 0.2 mm thickness. The 

plates were visualized using a 254 nm ultraviolet lamp or aqueous potassium permanganate 

solutions. 1H NMR and 13C NMR data are given for all compounds in the Supporting 

Experimental for characterization purposes. 1H NMR, 13C NMR and HRMS data are reported 

for all new compounds.  
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Experimental Procedures and Characterization Data 

 

General Procedure for Preparation of Grignard Reagents: All Grignard reagents were 

prepared according to the procedure of Knochel and co-workers (Angew. Chem. Int. Ed. 2004, 

43, 3333) and titrated prior to use according to the method previously reported (Synthesis 2006, 

890). An oven-dried vial equipped with a stir bar was placed under a positive pressure of argon 

and subjected to three evacuation/backfilling cycles. The vial was charged with i-PrMgCl·LiCl 

(1.05 mL, 1.0 M in THF, 1.05 mmol), the reaction mixture was cooled to the indicated 

temperature, an aryl halide (1.0 mmol) was added in one portion, and the reaction was stirred for 

the indicated time. Organomagnesium reagents were titrated prior to use (Synthesis 2006, 890). 

 

General Procedure for Acylation of Weinreb Amides with Functionalized Grignard 

Reagents. An oven-dried vial equipped with a stir bar was charged with an amide substrate (1.0 

equiv) placed under a positive pressure of argon and subjected to three evacuation/backfilling 

cycles under argon. Toluene (0.25 M) and a freshly prepared solution of magnesium reagent (1.2 

equiv) were sequentially added with vigorous stirring, and the reaction mixture was stirred for 3 

h at room temperature. After the indicated time, the reaction mixture was quenched with NH4Cl 

(aq., sat., 1.0 mL) and diluted with ethyl acetate (10 mL). The organic layer was washed with 

water (1 x 10 mL), brine (1 x 10 mL), dried, and concentrated. A sample was analyzed by 1H 

NMR (CDCl3, 500 MHz) and GC-MS to obtain conversion, yield and selectivity using internal 

standard and comparison with authentic samples. Purification by chromatography on silica gel 

(EtOAc/hexanes) afforded the title product. 

 

Representative Procedure for Acylation of Weinreb Amides with Functionalized Grignard 

Reagents. Gram scale. An oven-dried vial equipped with a stir bar was charged with 4-fluoro-

N-methoxy-N-methylbenzamide (1.00 g, 5.64 mmol, 1.0 equiv) placed under a positive pressure 

of argon, and subjected to three evacuation/backfilling cycles under argon. Toluene (0.25 M) and 

a freshly prepared solution of 4-N,N-diisopropylbenzamidemagnesium chloride/lithium chloride 

(6.77 mmol, 1.2 equiv) were sequentially added with vigorous stirring, and the reaction mixture 

was stirred for 3 h at room temperature. After the indicated time, the reaction mixture was 



Synthesis of Biaryl Ketones by Arylation of Weinreb Amides with Functionalized Grignard Reagents             Li and Szostak 

S5 

 

quenched with NH4Cl (aq., sat., 30 mL), and concentrated. The residue was extracted with 

EtOAc (3 x 100 mL), the organic layers were combined, dried, and concentrated. Purification by 

chromatography on silica gel (EtOAc/hexanes) afforded the title product. White solid. Yield 78% 

(1.39 g). Characterization data are included in the section below. 
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Characterization Data of Amide Materials 

 

All amides used in this study were prepared by procedures reported in the literature. 1a,11b,2 1c,3 

1d,4 1e,1 1f,5 1g,6 1h,1 1i,7 1j,8 1k,9 1l,10 1m,4 1n,6 1o10 have been previously reported. 

Spectroscopic data matched those reported in the literature.  

 

 N-Methoxy-N-methylbenzamide (1a). Oil. 1H NMR (500 MHz, CDCl3) δ 

7.71 – 7.57 (m, 2H), 7.52 – 7.32 (m, 3H), 3.56 (s, 3H), 3.37 (s, 3H). 13C 

NMR (125 MHz, CDCl3) δ 169.96, 134.14, 130.56, 128.13, 128.01, 61.03, 

33.79. 

 

 N-Methoxy-N,5-dimethylisoxazole-4-carboxamide (1b). Oil. 1H NMR 

(500 MHz, CDCl3) δ 8.53 (s, 1H), 3.69 (s, 3H), 3.34 (s, 3H), 2.71 (s, 3H). 13C 

NMR (125 MHz, CDCl3) δ 175.06, 161.88, 149.42, 109.26, 61.36, 32.46, 

12.94. 

 

3-Cyano-N-methoxy-N-methylbenzamide (1c). White solid. 1H NMR 

(500 MHz, CDCl3) δ 7.94 (s, 1H), 7.87 (d, J = 7.9 Hz, 1H), 7.68 (d, J = 

7.7 Hz, 1H), 7.48 (t, J = 7.8 Hz, 1H), 3.47 (s, 3H), 3.31 (s, 3H). 13C 

NMR (125 MHz, CDCl3) δ 167.30, 135.19, 133.92, 132.69, 132.07, 129.04, 118.17, 112.39, 

61.34, 33.27. 

 

N-Methoxy-N-methyl-2-naphthamide (1d). Oil. 1H NMR (500 MHz, 

CDCl3) δ 8.25 (s, 1H), 7.95 – 7.85 (m, 3H), 7.80 – 7.75 (m, 1H), 7.60 – 

7.50 (m, 2H), 3.59 (s, 3H), 3.44 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 

169.91, 134.24, 132.51, 131.44, 128.85, 128.69, 127.72, 127.64, 127.41, 126.50, 125.09, 61.14, 

33.88. 

 

 N-Methoxy-N-methylfuran-2-carboxamide (1e). Oil. 1H NMR (500 MHz, 

CDCl3) δ 7.57 (s, 1H), 7.12 (d, J = 3.4 Hz, 1H), 6.49 (dd, J = 3.2, 1.5 Hz, 1H), 
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3.74 (s, 3H), 3.33 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 159.10, 145.64, 145.22, 117.36, 

111.58, 61.34, 33.13. 

 

3-Chloro-N-methoxy-N-methylbenzamide (1f). Oil. 1H NMR (500 

MHz, CDCl3) δ 7.68 (s, 1H), 7.57 (d, J = 7.4 Hz, 1H), 7.44 (d, J = 8.0 

Hz, 1H), 7.35 (t, J = 7.8 Hz, 1H), 3.56 (s, 3H), 3.36 (s, 3H). 13C NMR 

(125 MHz, CDCl3) δ 168.33, 135.74, 134.00, 130.66, 129.39, 128.38, 126.37, 61.20, 31.23. 

 

4-Iodo-N-methoxy-N-methylbenzamide (1g). Oil. 1H NMR (500 MHz, 

CDCl3) δ 7.68 (d, J = 8.5 Hz, 2H), 7.36 (d, J = 8.4 Hz, 2H), 3.46 (s, 3H), 

3.28 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 168.91, 137.22, 133.41, 

130.00, 97.36, 61.17, 31.24. 

 

N,4-Dimethoxy-N-methylbenzamide (1h). White solid. 1H NMR 

(500 MHz, CDCl3) δ 7.70 (d, J = 8.9 Hz, 2H), 6.88 (d, J = 8.9 Hz, 2H), 

3.81 (s, 3H), 3.53 (s, 3H), 3.32 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 

169.35, 161.51, 130.50, 125.98, 113.22, 60.84, 55.28, 33.86. 

 

N-Methoxy-N-methyl-4-(trifluoromethyl)benzamide (1i). Oil. 1H 

NMR (500 MHz, CDCl3) δ 7.74 – 7.68 (m, 2H), 7.61 – 7.57 (m, 2H), 

3.45 (s, 3H), 3.30 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 168.51, 

137.56, 132.23 (q, JF = 32.0 Hz), 128.55, 125.00 (q, JF = 3.5 Hz), 

123.75 (q, JF = 272.4 Hz), 61.21, 33.29. 19F NMR (470 MHz, CDCl3) δ -63.01 (s). 

 

Methyl 4-(methoxy(methyl)carbamoyl)benzoate (1j). White solid. 

1H NMR (500 MHz, CDCl3) δ 8.09 (d, J = 8.0 Hz, 2H), 7.74 (d, J = 

8.0 Hz, 2H), 3.95 (s, 3H), 3.55 (s, 3H), 3.39 (s, 3H). 13C NMR (125 

MHz, CDCl3) δ 169.04, 166.44, 138.36, 131.79, 129.27, 128.09, 

61.22, 52.34. 
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3-Bromo-N-methoxy-N-methylbenzamide (1k). Oil. 1H NMR (500 

MHz, CDCl3) δ 7.81 (s, 1H), 7.59 (d, J = 7.7 Hz, 1H), 7.56 (d, J = 8.6 

Hz, 1H), 7.26 (t, J = 7.9 Hz, 1H), 3.53 (s, 3H), 3.33 (s, 3H). 13C NMR 

(125 MHz, CDCl3) δ 168.17, 135.91, 133.56, 131.21, 129.65, 126.80, 122.00, 61.21, 33.56. 

 

3,4-Difluoro-N-methoxy-N-methylbenzamide (1l). Oil. 1H NMR (500 

MHz, CDCl3) δ 7.57 – 7.50 (m, 1H), 7.49 – 7.42 (m, 1H), 7.16 – 7.09 (m, 

1H), 3.48 (s, 3H), 3.29 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 167.20, 

167.20, 151.84 (J1 = 253.3 Hz), 149.68 (J1 = 249.0 Hz), 130.54 (J3 = 5.1 Hz), 125.44 (J2 = 6.9, J3 

=3.8 Hz), 118.22 (J2 = 19.0 Hz), 116.99 (J2 = 17.6 Hz), 61.18, 33.46. 19F NMR (471 MHz, 

CDCl3) δ -133.63, -137.34. 

 

4-Chloro-N-methoxy-N-methylbenzamide (1m). Oil. 1H NMR (500 

MHz, CDCl3) δ 7.58 (d, J = 8.4 Hz, 2H), 7.30 (d, J = 8.5 Hz, 2H), 3.46 

(s, 3H), 3.28 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 168.66, 136.74, 

132.31, 129.87, 128.28, 61.12, 33.52. 

 

4-Fluoro-N-methoxy-N-methylbenzamide (1n). Oil. 1H NMR (500 

MHz, CDCl3) δ 7.78 – 7.32 (m, 2H), 7.13 – 7.07 (m, 2H), 3.55 (s, 3H), 

3.38 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 168.69, 164.05 (d, JF = 251.0 

Hz), 130.83 (d, JF = 8.7 Hz), 129.95 (d, JF = 3.3 Hz), 115.06 (d, JF = 21.7 Hz), 61.03, 33.60. 19F 

NMR (471 MHz, CDCl3) δ -109.04. 

 

4-(N,N-Dipropylsulfamoyl)-N-methoxy-N-methylbenzamide 

(1o).  1H NMR (500 MHz, CDCl3) δ 7.86 (d, J = 8.4 Hz, 2H), 

7.79 (d, J = 8.3 Hz, 2H), 3.53 (s, 3H), 3.39 (s, 3H), 3.16 – 3.04 

(m, 4H), 1.65 – 1.50 (m, 5H), 0.89 (t, J = 7.4 Hz, 6H). 13C 

NMR (125 MHz, CDCl3) δ 168.39, 141.96, 137.79, 128.77, 

126.75, 61.30, 50.00, 33.96, 21.99, 11.17. 
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3-(5-(2-Fluorophenyl)-1,2,4-oxadiazol-3-yl)-N-methoxy-N-

methylbenzamide (1p). New compound. White solid. Mp = 89-

90 °C  1H NMR (500 MHz, CDCl3) δ 8.44 (s, 1H), 8.21 (d, J = 

7.8 Hz, 1H), 8.15 (t, J = 7.4 Hz, 1H), 7.77 (d, J = 7.7 Hz, 1H), 

7.63 – 7.43 (m, 2H), 7.28 (t, J = 7.6 Hz, 1H), 7.25 – 7.20 (m, 1H), 3.53 (s, 3H), 3.33 (s, 3H). 13C 

NMR (125 MHz, CDCl3) δ 172.96 (d, J = 4.4 Hz), 169.13, 168.24, 160.82 (d, J = 260.7 Hz), 

134.98, 134.71 (d, J = 8.7 Hz), 130.97, 130.96, 129.50, 128.75, 127.38, 126.75, 124.75 (d, J = 

3.7 Hz), 117.21 (d, J = 20.9 Hz), 112.78 (d, J = 11.4 Hz), 61.22, 33.66. 19F NMR (471 MHz, 

CDCl3) δ -108.22. HRMS calcd for C17H15FN3O3 (M + H) 328.1092, found 328.1089. 

 

6-(3-(Adamantan-1-yl)-4-methoxyphenyl)-N-methoxy-N-

methyl-2-naphthamide (1q). New compound. White solid. 

Mp = 186-187 °C. 1H NMR (500 MHz, CDCl3) δ 8.16 (s, 

1H), 7.92 (s, 1H), 7.86 (d, J = 8.5 Hz, 1H), 7.82 (d, J = 8.6 

Hz, 1H), 7.72 – 7.67 (m, 2H), 7.52 (d, J = 2.2 Hz, 1H), 7.46 

(dd, J = 8.4, 2.2 Hz, 1H), 6.92 (d, J = 8.4 Hz, 1H), 3.83 (s, 

3H), 3.51 (s, 3H), 3.35 (s, 3H), 2.11 (s, 6H), 2.03 (s, 3H), 

1.73 (s, 6H). 13C NMR (125 MHz, CDCl3) δ 169.95, 158.82, 140.61, 138.98, 134.67, 132.78, 

131.26, 130.91, 129.22, 128.58, 127.73, 126.36, 125.99, 125.70, 125.48, 124.74, 112.12, 61.14, 

55.19, 40.63, 37.22, 37.16, 29.14. HRMS calcd for C30H34NO3 (M + H) 456.2533, found 

456.2528. 
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Characterization Data of Ketone Products 

 

3a,11 3b,11 3c,11 3d,11 3e,11 3f,11 3g,11 3h,11 3i, 11 3j,11 3k,12 3l,11 3m,13 3n,11 3o,11 3p,11 3q,11 3r,11 

3s,11 3t,11 3u,14 3v,11 3w,11 3x,11 3y,11 3z,15 3aa,16 3ab,17 3ac,11 3ad,11 3af,18 3ah,11 3ai,11 3aj,19 

3ak,11 3al,11 3am11 have been previously reported, and prepared by a different, typically less 

synthetically and operationally convenient method. Spectroscopic data matched those reported in 

the literature. 

 

Phenyl(p-tolyl)methanone (3a, Scheme 1) 

 

According to the general procedure, Br/Mg exchange was completed after 2 days at rt. The 

reaction of N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly prepared p-

tolylmagnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in toluene (0.25 M) at room 

temperature for 3 h, afforded after the standard work-up as described above and chromatography 

the title compound in 90% yield (17.6 mg). White solid. 1H NMR (500 MHz, CDCl3) δ 7.71 (d, J 

= 7.2 Hz, 2H), 7.65 (d, J = 8.0 Hz, 2H), 7.50 (t, J = 7.4 Hz, 1H), 7.40 (t, J = 7.6 Hz, 2H), 7.21 (d, 

J = 7.9 Hz, 2H), 2.37 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 196.53, 143.26, 137.98, 134.90, 

132.18, 130.33, 129.95, 128.99, 128.23, 21.68. 

 

(4-Methoxyphenyl)(phenyl)methanone (3b, Scheme 1) 
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According to the general procedure, Br/Mg exchange was completed after 3 days at rt. The 

reaction of N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly prepared (4-

methoxyphenyl)magnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in toluene (0.25 M) 

at room temperature for 3 h, afforded after the standard work-up as described above and 

chromatography the title compound in 94% yield (19.9 mg). White solid. 1H NMR (500 MHz, 

CDCl3) δ 7.72 (d, J = 8.4 Hz, 2H), 7.64 (d, J = 7.8 Hz, 2H), 7.45 (t, J = 7.4 Hz, 1H), 7.36 (t, J = 

7.6 Hz, 2H), 6.85 (d, J = 8.2 Hz, 2H), 3.78 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 194.92, 

162.58, 137.66, 131.92, 131.24, 129.53, 129.09, 127.54, 112.91, 54.86. 

 

(4-(Methylthio)phenyl)(phenyl)methanone (3c, Scheme 1) 

 

According to the general procedure, Br/Mg exchange was completed after 2 days at rt. The 

reaction N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly prepared (4-

(methylthio)phenyl)magnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in toluene (0.25 

M) at room temperature for 3 h, afforded after the standard work-up as described above and 

chromatography the title compound in 95% yield (21.7 mg). White solid. 1H NMR (500 MHz, 

CDCl3) δ 7.706 – 7.654 (m, 4H), 7.50 (t, J = 7.4 Hz, 1H), 7.40 (t, J = 7.7 Hz, 2H), 7.22 (d, J = 

8.4 Hz, 2H), 2.46 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 195.84, 145.31, 137.88, 133.66, 

132.21, 130.68, 129.85, 128.29, 124.86, 14.87. 
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(4-Morpholinophenyl)(phenyl)methanonePhenyl(p-tolyl)methanone (3d, Scheme 1) 

 

According to the general procedure, I/Mg exchange was completed after 3 h at rt. The reaction of 

N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly prepared (4-

morpholinophenyl)magnesium chloride/lithium (0.12 mmol, 1.2 equiv) in toluene (0.25 M) at 

room temperature for 3 h, afforded after the standard work-up as described above and 

chromatography the title compound in 75% yield (20.0 mg). White solid. 1H NMR (500 MHz, 

CDCl3) δ 7.74 (d, J = 8.8 Hz, 2H), 7.67 (d, J = 7.2 Hz, 2H), 7.48 (t, J = 7.4 Hz, 1H), 7.39 (t, J = 

7.5 Hz, 2H), 6.83 (d, J = 8.8 Hz, 2H), 3.84 – 3.78 (m, 4H), 3.30 – 3.23 (m, 4H). 13C NMR (125 

MHz, CDCl3) δ 195.29, 154.06, 138.73, 132.48, 131.57, 129.62, 128.13, 127.85, 113.21, 66.62, 

47.60. 

 

(4-Chlorophenyl)(phenyl)methanone (3e, Scheme 1) 

 

According to the general procedure, Br/Mg exchange was completed after 3 h at rt. The reaction 

of N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly prepared (4-

chlorophenyl)magnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in toluene (0.25 M) at 

room temperature for 3 h, afforded after the standard work-up as described above and 

chromatography the title compound in 83% yield (17.9 mg). White solid. 1H NMR (500 MHz, 

CDCl3) δ 7.77 (t, J = 7.9 Hz, 4H), 7.60 (t, J = 7.4 Hz, 1H), 7.48 (dd, J = 17.8, 8.2 Hz, 4H). 13C 
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NMR (125 MHz, CDCl3) δ 195.52, 138.92, 137.27, 135.89, 132.66, 131.48, 129.95, 128.66, 

128.42. 

 

(4-Bromophenyl)(phenyl)methanone (3f, Scheme 1) 

 

According to the general procedure, I/Mg exchange was completed after 3 h at -20 °C. The 

reaction of N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly prepared (4-

bromophenyl)magnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in toluene (0.25 M) at 

room temperature for 3 h, afforded after the standard work-up as described above and 

chromatography the title compound in 84% yield (21.8 mg). White solid. 1H NMR (500 MHz, 

CDCl3) δ 7.79 (d, J = 7.2 Hz, 2H), 7.72 – 7.59 (m, 5H), 7.51 (t, J = 7.7 Hz, 2H). 13C NMR (125 

MHz, CDCl3) δ 195.67, 137.20, 136.33, 132.70, 131.64, 131.59, 129.96, 128.43, 127.54. 

 

Phenyl(4-(trifluoromethyl)phenyl)methanone (3g, Scheme 1) 

 

According to the general procedure, Br/Mg exchange was completed after 3 h at 0 °C. The 

reaction of N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly prepared (4-

(trifluoromethyl)phenyl)magnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in toluene 

(0.25 M) at room temperature for 3 h, afforded after the standard work-up as described above 

and chromatography the title compound in 78% yield (19.5 mg). White solid. 1H NMR (500 

MHz, CDCl3) δ 7.85 (d, J = 8.0 Hz, 2H), 7.76 (d, J = 8.3 Hz, 2H), 7.71 (d, J = 8.1 Hz, 2H), 7.59 
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(t, J = 7.4 Hz, 1H), 7.47 (t, J = 7.7 Hz, 2H). 13C NMR (125 MHz, CDCl3) δ 196.66, 141.87, 

137.88, 134.86 (q, JF = 32.6 Hz), 134.21, 131.26, 131.23, 129.66, 126.48 (q, JF = 3.7 Hz), 124.81 

(q, JF = 274.9 Hz). 13C NMR (125 MHz, CDCl3) 123.69 (q, JF = 274.9 Hz). 19F NMR (471 MHz, 

CDCl3) δ -60.80. 

 

4-Benzoylbenzonitrile (3h, Scheme 1) 

 

According to the general procedure, Br/Mg exchange was completed after 2 h at 0 °C. The 

reaction of N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly prepared (4-

cyanophenyl)magnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in toluene (0.25 M) at 

room temperature for 3 h, afforded after the standard work-up as described above and 

chromatography the title compound in 76% yield (15.7 mg). White solid. 1H NMR (500 MHz, 

CDCl3) δ 7.88 (d, J = 8.3 Hz, 2H), 7.82 -7.77 (m, 4H), 7.64 (t, J = 7.4 Hz, 1H), 7.52 (t, J = 7.7 

Hz, 2H). 13C NMR (125 MHz, CDCl3) δ 195.06, 141.26, 136.35, 133.35, 132.1, 130.26, 130.09, 

128.66, 118.03, 115.70. 

 

Methyl 4-benzoylbenzoate (3i, Scheme 1) 

 

According to the general procedure, I/Mg exchange was completed after 1 h at -20 °C. The 

reaction of N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly prepared (4-

(methoxycarbonyl)phenyl)magnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in 
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toluene (0.25 M) at room temperature for 3 h, afforded after the standard work-up as described 

above and chromatography the title compound in 53% yield (12.7 mg). White solid. 1H NMR 

(500 MHz, CDCl3) δ 8.15 (d, J = 8.1 Hz, 2H), 7.84 (d, J = 8.1 Hz, 2H), 7.81 (d, J = 7.6 Hz, 2H), 

7.62 (t, J = 7.4 Hz, 1H), 7.50 (t, J = 7.6 Hz, 2H), 3.97 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 

198.06, 168.34, 143.34, 138.97, 135.24, 134.96, 132.1, 131.79, 131.52, 130.48, 54.49. 

 

tert-Butyl 4-benzoylbenzoate (3j, Scheme 1) 

 

According to the general procedure, I/Mg exchange was completed after 1 h at -20 °C. The 

reaction of N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly prepared (4-(tert-

butoxycarbonyl)phenyl)magnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in toluene 

(0.25 M) at room temperature for 3 h, afforded after the standard work-up as described above 

and chromatography the title compound in 85% yield (24.0 mg). White solid. 1H NMR (500 

MHz, CDCl3) δ 8.10 (d, J = 7.9 Hz, 2H), 7.85 – 7.78 (m, 4H), 7.62 (t, J = 7.1 Hz, 1H), 7.50 (t, J 

= 7.5 Hz, 2H), 1.63 (s, 9H). 13C NMR (125 MHz, CDCl3) δ 196.17, 164.95, 140.87, 137.12, 

135.18, 132.86, 130.11, 129.67, 129.32, 128.43, 81.76, 28.18. 

 

4-Benzoyl-N,N-diisopropylbenzamide (3k, Scheme 1) 
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According to the general procedure, I/Mg exchange was completed after 1 h at -20 °C. The 

reaction of N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly prepared 4-N,N-

diisopropylbenzamidemagnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in toluene 

(0.25 M) at room temperature for 3 h, afforded after the standard work-up as described above 

and chromatography the title compound in 75% yield (23.2 mg). New compound. Colorless oil. 

1H NMR (500 MHz, CDCl3) δ 7.78 – 7.71 (m, 4H), 7.53 (t, J = 7.4 Hz, 1H), 7.42 (t, J = 7.7 Hz, 

2H), 7.34 (d, J = 8.2 Hz, 2H), 3.85 – 3.35 (M, 2H), 1.65 – 1.03 (M, 12H). 13C NMR (125 MHz, 

CDCl3) δ 196.17, 169.95, 142.60, 137.71, 137.25, 132.69, 130.32, 130.08, 128.40, 125.53, 50.99, 

45.97, 20.70. HRMS calcd for C20H24NO2 (M + H) 310.1802, found 310.1797. 

 

4-Benzoylphenyl 4-methylbenzenesulfonate (3l, Scheme 1) 

 

According to the general procedure, Br/Mg exchange was completed after 36 h at 0 °C to rt. The 

reaction of N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly prepared (4-

(tosyloxy)phenyl)magnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in toluene (0.25 

M) at room temperature for 3 h, afforded after the standard work-up as described above and 

chromatography the title compound in 93% yield (32.7 mg). White solid. 1H NMR (500 MHz, 

CDCl3) δ 7.73 – 7.63 (m, 6H), 7.53 (t, J = 7.4 Hz, 1H), 7.41 (t, J = 7.7 Hz, 2H), 7.27 (d, J = 8.0 

Hz, 2H), 7.04 (d, J = 8.7 Hz, 2H), 2.39 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 195.33, 152.52, 

145.79, 137.11, 136.20, 132.75, 132.20, 131.74, 129.97, 129.95, 128.53, 128.43, 122.30, 21.77. 
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Phenyl(o-tolyl)methanone (3m, Scheme 1) 

 

According to the general procedure, Br/Mg exchange was completed after 3 days at room 

temperature. The reaction of N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly 

prepared 2-methylbenzene magnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in 

toluene (0.25 M) at room temperature for 3 h, afforded after the standard work-up as described 

above and chromatography the title compound in 78% yield (15.3 mg). White solid. 1H NMR 

(500 MHz, CDCl3) δ 7.73 (d, J = 7.1 Hz, 2H), 7.50 (t, J = 7.4 Hz, 1H), 7.38 (t, J = 7.7 Hz, 2H), 

7.31 (t, J = 7.5 Hz, 1H), 7.25 - 7.198 (m, 2H), 7.16 (d, J = 7.5 Hz, 1H), 2.26 (s, 3H). 13C NMR 

(125 MHz, CDCl3) δ 198.66, 138.64, 137.76, 136.77, 133.15, 131.01, 130.25, 130.15, 128.53, 

128.48, 125.21, 20.00. 

 

 (3-Methoxyphenyl)(phenyl)methanone (3n, Scheme 1) 

 

According to the general procedure, Br/Mg exchange was completed after 3 days at rt. The 

reaction of N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly prepared (3-

methoxyphenyl)magnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in toluene (0.25 M) 

at room temperature for 3 h, afforded after the standard work-up as described above and 

chromatography the title compound in 96% yield (20.4 mg). White solid. 1H NMR (500 MHz, 

CDCl3) δ 7.72 (d, J = 7.9 Hz, 2H), 7.50 (t, J = 7.1 Hz, 1H), 7.39 (t, J = 7.6 Hz, 2H), 7.31 – 7.23 
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(m, 3H), 7.04 (d, J = 9.2 Hz, 1H), 3.77 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 196.52, 159.6, 

138.92, 137.64, 132.45, 130.07, 129.24, 128.28, 122.88, 118.87, 114.3, 55.48. 

 

Phenyl(3-(trifluoromethoxy)phenyl)methanone (3o, Scheme 1) 

 

According to the general procedure, Br/Mg exchange was completed after 2 days at rt. The 

reaction of N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly prepared (3-

(trifluoromethoxy)phenyl)magnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in 

toluene (0.25 M) at room temperature for 3 h, afforded after the standard work-up as described 

above and chromatography the title compound in 95% yield (25.3 mg). Oil. 1H NMR (500 MHz, 

CDCl3) δ 7.80 (d, J = 7.1 Hz, 2H), 7.73 (d, J = 7.7 Hz, 1H), 7.67 (s, 1H), 7.62 (t, J = 7.4 Hz, 1H), 

7.55 – 7.49 (m, 3H), 7.45 (d, J = 8.2 Hz, 1H). 13C NMR (125 MHz, CDCl3) δ 195.01, 149.16 (q, 

JF = 1.7 Hz), 139.47, 136.84, 132.94, 130.04, 129.87, 128.43 (d, J = 18.9 Hz), 124.74, 122.37, 

120.44 (q, JF = 258.0 Hz). 19F NMR (471 MHz, CDCl3) δ -57.88 (s). 

 

(3-Fluorophenyl)(phenyl)methanone (3p, Scheme 1) 

 

According to the general procedure, Br/Mg exchange was completed after 3 h at rt. The reaction 

of N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly prepared (3-

fluorophenyl)magnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in toluene (0.25 M) at 

room temperature for 3 h, afforded after the standard work-up as described above and 
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chromatography the title compound in 72% yield (14.4 mg). White solid. 1H NMR (500 MHz, 

CDCl3) δ 7.82 (d, J = 7.5 Hz, 2H), 7.65 – 7.58 (m, 2H), 7.55 – 7.45 (m, 4H), 7.34 – 7.28 (m, 

1H). 13C NMR (125 MHz, CDCl3) δ 195.31 (d, JF = 2.0 Hz), 162.51 (d, JF = 248.1 Hz), 139.69 

(d, JF = 6.3 Hz), 137.05, 132.79, 130.03, 129.95, 128.44, 125.83 (d, JF = 3.0 Hz), 119.44 (d, JF = 

21.4 Hz), 116.76 (d, JF = 22.5 Hz). 19F NMR (471 MHz, CDCl3) δ -111.99. 

 

(3-Bromophenyl)(phenyl)methanone (3q, Scheme 1) 

 

According to the general procedure, Br/Mg exchange was completed after 3 h at rt. The reaction 

of N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly prepared (3-

bromophenyl)magnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in toluene (0.25 M) at 

room temperature for 3 h, afforded after the standard work-up as described above and 

chromatography the title compound in 85% yield (22.1 mg). White solid. 1H NMR (500 MHz, 

CDCl3) δ 7.86 (s, 1H), 7.72 (d, J = 7.1 Hz, 2H), 7.64 (d, J = 7.9 Hz, 2H), 7.54 (t, J = 7.4 Hz, 1H), 

7.43 (t, J = 7.7 Hz, 2H), 7.29 (t, J = 7.8 Hz, 1H). 13C NMR (125 MHz, CDCl3) δ 195.17, 139.50, 

136.94, 135.29, 132.87, 132.81, 130.05, 129.89, 128.57, 128.49, 122.59. 

 

3-Benzoylbenzonitrile (3r, Scheme 1) 

 

According to the general procedure, Br/Mg exchange was completed after 3 h at 0 °C. The 

reaction of N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly prepared (3-
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cyanophenyl)magnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in toluene (0.25 M) at 

room temperature for 3 h, afforded after the standard work-up as described above and 

chromatography the title compound in 73% yield (15.1 mg). White solid. 1H NMR (500 MHz, 

CDCl3) δ 8.07 (s, 1H), 8.04 (d, J = 7.8 Hz, 1H), 7.87 (d, J = 7.7 Hz, 1H), 7.78 (d, J = 7.8 Hz, 

2H), 7.68 – 7.62 (m, 2H), 7.53 (t, J = 7.6 Hz, 2H). 13C NMR (125 MHz, CDCl3) δ 194.42, 

138.64, 136.33, 135.37, 133.86, 133.49, 133.30, 130.02, 129.42, 128.70, 117.96, 112.87. 

 

(3,4-Dichlorophenyl)(phenyl)methanone (3s, Scheme 1) 

 

According to the general procedure, I/Mg exchange was completed after 2 h at rt. The reaction of 

N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly prepared (3,4-

dichlorophenyl)magnesium chloride chloride/lithium chloride (0.12 mmol, 1.2 equiv) in toluene 

(0.25 M) at room temperature for 3 h, afforded after the standard work-up as described above 

and chromatography the title compound in 90% yield (22.5 mg). White solid. 1H NMR (500 

MHz, CDCl3) δ 7.86 (d, J = 1.6 Hz, 1H), 7.74 (d, J = 7.2 Hz, 2H), 7.59 (t, J = 7.7 Hz, 2H), 7.54 

(d, J = 8.3 Hz, 1H), 7.47 (t, J = 7.7 Hz, 2H). 13C NMR (125 MHz, CDCl3) δ 194.25, 137.22, 

137.05, 136.70, 133.01, 131.86, 130.48, 129.94, 129.10, 128.58. 

 

Naphthalen-2-yl(phenyl)methanone (3t, Scheme 1) 
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According to the general procedure, Br/Mg exchange was completed after 36 h at rt. The 

reaction of N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly prepared 

naphthalen-2-ylmagnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in toluene (0.25 M) 

at room temperature for 3 h, afforded after the standard work-up as described above and 

chromatography the title compound in 83% yield (19.3 mg). White solid. 1H NMR (500 MHz, 

CDCl3) δ 8.29 (s, 1H), 7.99 – 7.87 (m, 6H), 7.67 – 7.61 (m, 2H), 7.60 - 7.52 (m, 3H). 13C NMR 

(125 MHz, CDCl3) δ 196.78, 137.93, 135.29, 134.85, 132.40, 132.28, 131.89, 130.12, 129.44, 

128.37, 128.35, 128.32, 127.85, 126.82, 125.81. 

 

(1-Methyl-1H-indol-5-yl)(phenyl)methanone (3u, Scheme 1) 

 

According to the general procedure, I/Mg exchange was completed after 1 h at 0 °C. The 

reaction of N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly prepared (1-

methyl-1H-indol-5-yl)magnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in toluene 

(0.25 M) at room temperature for 3 h, afforded after the standard work-up as described above 

and chromatography the title compound in 85% yield (20.0 mg). White solid. 1H NMR (500 

MHz, CDCl3) δ 8.02 (s, 1H), 7.75 – 7.69 (m, 3H), 7.47 (t, J = 7.4 Hz, 1H), 7.38 (t, J = 7.5 Hz, 

2H), 7.28 (d, J = 8.6 Hz, 1H), 7.02 (d, J = 3.1 Hz, 1H), 6.48 (d, J = 2.8 Hz, 1H), 3.72 (s, 3H). 13C 

NMR (125 MHz, CDCl3) δ 197.28, 139.17, 139.01, 131.57, 130.4, 129.91, 129.20, 128.11, 

127.69, 125.49, 123.82, 109.1, 102.99, 33.09. 
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Phenyl(thiophen-2-yl)methanone (3v, Scheme 1) 

 

According to the general procedure, I/Mg exchange was completed after 30 min at rt. The 

reaction of N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly prepared 

thiophen-2-ylmagnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in toluene (0.25 M) at 

room temperature for 3 h, afforded after the standard work-up as described above and 

chromatography the title compound in 93% yield (17.5 mg). White solid. 1H NMR (500 MHz, 

CDCl3) δ 7.87 (d, J = 7.1 Hz, 2H), 7.72 (dd, J = 4.9, 1.0 Hz, 1H), 7.65 (dd, J = 3.7, 0.9 Hz, 1H), 

7.59 (t, J = 7.4 Hz, 1H), 7.50 (t, J = 7.6 Hz, 2H), 7.16 (dd, J = 4.9, 3.9 Hz, 1H). 13C NMR (125 

MHz, CDCl3) δ 188.26, 143.67, 138.18, 134.87, 134.23, 132.29, 129.19, 128.44, 127.98. 

 

Phenyl(thiophen-3-yl)methanone (3w, Scheme 1) 

 

According to the general procedure, Br/Mg exchange was completed after 30 min at rt. The 

reaction of N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly prepared 

thiophen-3-ylmagnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in toluene (0.25 M) at 

room temperature for 3 h, afforded after the standard work-up as described above and 

chromatography the title compound in 92% yield (17.3 mg). White solid. 1H NMR (500 MHz, 

CDCl3) δ 7.83 (dd, J = 2.9, 1.1 Hz, 1H), 7.75 (d, J = 7.1 Hz, 2H), 7.51 – 7.46 (m, 2H), 7.39 (t, J 
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= 7.6 Hz, 2H), 7.29 – 7.27 (m, 1H). 13C NMR (125 MHz, CDCl3) δ 190.00, 141.31, 138.64, 

133.96, 132.34, 129.39, 128.62, 128.41, 126.26. 

 

Phenyl(pyridin-3-yl)methanone (3x, Scheme 1) 

 

According to the general procedure, I/Mg exchange was completed after 30 min at -15 °C. The 

reaction of N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly prepared pyridin-

3-ylmagnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in toluene (0.25 M) at room 

temperature for 3 h, afforded after the standard work-up as described above and chromatography 

the title compound in 78% yield (14.3 mg). White solid. 1H NMR (500 MHz, CDCl3) δ 8.99 (s, 

1H), 8.79 – 8.20 (m, 1H), 8.11 (d, J = 7.9 Hz, 1H), 7.86 – 7.78 (m, 2H), 7.63 (t, J = 7.4 Hz, 1H), 

7.51 (t, J = 7.7 Hz, 2H), 7.47 – 7.42 (m, 1H). 13C NMR (125 MHz, CDCl3) δ 194.90, 152.87, 

150.97, 137.19, 136.73, 133.19, 130.04, 128.64, 123.38. 

 

(5-Bromopyridin-3-yl)(phenyl)methanone (3y, Scheme 1) 

 

According to the general procedure, Br/Mg exchange was completed after 3 h at rt. The reaction 

of N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly prepared (5-

bromopyridin-3-yl)magnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in toluene (0.25 

M) at room temperature for 3 h, afforded after the standard work-up as described above and 



Synthesis of Biaryl Ketones by Arylation of Weinreb Amides with Functionalized Grignard Reagents             Li and Szostak 

S24 

 

chromatography the title compound in 65% yield (17.0 mg). White solid. 1H NMR (500 MHz, 

CDCl3) δ 8.88 – 8.82 (m, 2H), 8.23 (t, J = 2.0 Hz, 1H), 7.83 – 7.76 (m, 2H), 7.64 (t, J = 7.4 Hz, 

1H), 7.51 (t, J = 7.7 Hz, 2H). 13C NMR (125 MHz, CDCl3) δ 193.33, 153.90, 148.82, 139.50, 

136.24, 134.46, 133.58, 130.02, 128.81, 120.90. 

 

(5-Bromopyridin-3-yl)(phenyl)methanone (3y, Scheme 1) 

 

According to the general procedure, I/Mg exchange was completed after 50 min at -20 °C. The 

reaction of N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly prepared (5-

bromopyridin-3-yl)magnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in toluene (0.25 

M) at room temperature for 3 h, afforded after the standard work-up as described above and 

chromatography the title compound in 70% yield (18.3 mg). White solid. 1H NMR (500 MHz, 

CDCl3) δ 8.88 – 8.82 (m, 2H), 8.23 (t, J = 2.0 Hz, 1H), 7.83 – 7.76 (m, 2H), 7.64 (t, J = 7.4 Hz, 

1H), 7.51 (t, J = 7.7 Hz, 2H). 13C NMR (125 MHz, CDCl3) δ 193.33, 153.90, 148.82, 139.50, 

136.24, 134.46, 133.58, 130.02, 128.81, 120.90. 

 

(6-Bromopyridin-2-yl)(phenyl)methanone (3z, Scheme 1) 

 

According to the general procedure, Br/Mg exchange was completed after 3 h at rt. The reaction 

of N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly prepared (6-
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bromopyridin-2-yl)magnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in toluene (0.25 

M) at room temperature for 3 h, afforded after the standard work-up as described above and 

chromatography the title compound in 79% yield (20.7 mg). White solid. 1H NMR (500 MHz, 

CDCl3) δ 8.11 (d, J = 7.4 Hz, 2H), 7.98 (d, J = 7.5 Hz, 1H), 7.76 (t, J = 7.7 Hz, 1H), 7.68 (d, J = 

7.9 Hz, 1H), 7.61 (t, J = 7.4 Hz, 1H), 7.50 (t, J = 7.7 Hz, 2H). 13C NMR (125 MHz, CDCl3) δ 

191.69, 155.80, 140.77, 139.31, 135.54, 133.34, 131.18, 130.86, 128.28, 123.49. 

 

(3-Methoxypyridin-2-yl)(phenyl)methanone (3aa, Scheme 1) 

 

According to the general procedure, I/Mg exchange was completed after 15 h at rt. The reaction 

of N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly prepared (2-meyhoxy-3-

yl)magnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in toluene (0.25 M) at room 

temperature for 3 h, afforded after the standard work-up as described above and chromatography 

the title compound in 81% yield (17.3 mg). White solid. 1H NMR (500 MHz, CDCl3) δ 8.32 (dd, 

J = 5.0, 1.8 Hz, 1H), 7.80 (d, J = 7.3 Hz, 2H), 7.72 (dd, J = 7.3, 1.9 Hz, 1H), 7.58 (t, J = 7.4 Hz, 

1H), 7.45 (t, J = 7.7 Hz, 2H), 7.00 (dd, J = 7.2, 5.1 Hz, 1H), 3.88 (s, 3H). 13C NMR (125 MHz, 

CDCl3) δ 194.78, 161.19, 149.2, 138.88, 137.20, 133.29, 129.75, 128.39, 122.68, 116.52, 53.65. 

 

(4-Methoxyphenyl)(5-methylisoxazol-4-yl)methanone (3ab, Scheme 2) 
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According to the general procedure, Br/Mg exchange was completed after 3 days at rt. The 

reaction of N-methoxy-N,2-dimethylfuran-3-carboxamide (0.10 mmol, 1.0 equiv) and freshly 

prepared (4-methoxyphenyl)magnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in 

toluene (0.25 M) at room temperature for 3 h, afforded after the standard work-up as described 

above and chromatography the title compound in 68% yield (14.8 mg). 1H NMR (500 MHz, 

CDCl3) δ 8.43 (s, 1H), 7.79 (d, J = 8.7 Hz, 2H), 6.99 (d, J = 8.7 Hz, 2H), 3.89 (s, 3H), 2.68 (s, 

3H). 13C NMR (125 MHz, CDCl3) δ 186.83, 174.21, 163.66, 150.36, 131.23, 130.81, 116.12, 

114.05, 55.58, 12.95. 

3-(4-Methoxybenzoyl)benzonitrile (3ac, Scheme 2) 

 

According to the general procedure, Br/Mg exchange was completed after 3 days at rt. The 

reaction of 3-cyano-N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly prepared 

(4-methoxyphenyl)magnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in toluene (0.25 

M) at room temperature for 3 h, afforded after the standard work-up as described above and 

chromatography the title compound in 80% yield (19.0 mg). White solid. 1H NMR (500 MHz, 

CDCl3) δ 7.99 (s, 1H), 7.96 (d, J = 7.9 Hz, 1H), 7.82 (d, J = 7.8 Hz, 1H), 7.77 (d, J = 8.9 Hz, 

2H), 7.59 (t, J = 7.8 Hz, 1H), 6.97 (d, J = 8.9 Hz, 2H), 3.88 (s, 3H). 13C NMR (125 MHz, 

CDCl3) δ 193.11, 163.89, 139.39, 134.90, 133.60, 133.15, 132.59, 129.32, 128.94, 

118.07, 113.99, 112.71, 55.63. 
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(4-Methoxyphenyl)(naphthalen-2-yl)methanone (3ad, Scheme 2) 

 

According to the general procedure, Br/Mg exchange was completed after 3 days at rt. The 

reaction of N-methoxy-N-methyl-2-naphthamide (0.10 mmol, 1.0 equiv) and freshly prepared (4-

methoxyphenyl)magnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in toluene (0.25 M) 

at room temperature for 3 h, afforded after the standard work-up as described above and 

chromatography the title compound in 90% yield (23.6 mg). White solid. 1H NMR (500 MHz, 

CDCl3) δ 8.23 (s, 1H), 7.96 – 7.86 (m, 6H), 7.64 – 7.53 (m, 2H), 7.00 (d, J = 8.8 Hz, 2H), 3.91 

(s, 3H). 13C NMR (125 MHz, CDCl3) δ 195.59, 163.24, 135.54, 135.05, 132.62, 132.30, 131.13, 

130.46, 129.29, 128.20, 128.06, 127.84, 126.75, 125.92, 113.65, 55.55. 

 

3-(Furan-2-carbonyl)benzonitrile (3ae, Scheme 2) 

 

According to the general procedure, Br/Mg exchange was completed after 3 h at 0 °C. The 

reaction of N-methoxy-N-methylfuran-2-carboxamide (0.10 mmol, 1.0 equiv) and freshly 

prepared (3-cyanophenyl)magnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in toluene 

(0.25 M) at room temperature for 3 h, afforded after the standard work-up as described above 

and chromatography the title compound in 75% yield (14.8 mg). New compound. White solid. 

Mp = 102-103 °C. 1H NMR (500 MHz, CDCl3) δ 8.33 (s, 1H), 8.24 (d, J = 7.9 Hz, 1H), 7.87 (d, 

J = 9.1 Hz, 1H), 7.79 – 7.73 (m, 1H), 7.65 (t, J = 7.8 Hz, 1H), 7.35 (d, J = 3.6 Hz, 1H), 6.66 (dd, 

J = 3.6, 1.7 Hz, 1H). 13C NMR (125 MHz, CDCl3) δ 179.86, 151.92, 147.68, 137.96, 135.55, 
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133.41, 133.07, 129.51, 121.14, 118.02, 112.95, 112.77. HRMS calcd for C12H8NO2 (M + H) 

198.0550, found 198.0549. 

 

3-(3-Chlorobenzoyl)benzonitrile (3af, Scheme 2) 

 

According to the general procedure, Br/Mg exchange was completed after 3 h at 0 °C. The 

reaction of methyl 3-chloro-N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly 

prepared (3-cyanophenyl)magnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in toluene 

(0.25 M) at room temperature for 3 h, afforded after the standard work-up as described above 

and chromatography the title compound in 70% yield (16.9 mg). White solid. 1H NMR (500 

MHz, CDCl3) δ 8.09 (s, 1H), 8.05 (d, J = 7.9 Hz, 1H), 7.92 (d, J = 7.7 Hz, 1H), 7.79 (s, 1H), 7.70 

– 7.63 (m, 3H), 7.50 (t, J = 7.9 Hz, 1H). 13C NMR (125 MHz, CDCl3) δ 193.03, 138.01, 137.95, 

135.74, 135.11, 133.78, 133.38, 133.25, 130.02, 129.83, 129.59, 128.05, 117.80, 113.14. 

 

3-(4-Iodobenzoyl)benzonitrile (3ag, Scheme 2) 

 

According to the general procedure, I/Mg exchange was completed after 3h at 0 °C. The reaction 

of 4-iodo-N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly prepared (3-

cyanophenyl)magnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in toluene (0.25 M) at 

room temperature for 3 h, afforded after the standard work-up as described above and 

chromatography the title compound in 65% yield (21.6 mg). New compound. White solid. Mp = 



Synthesis of Biaryl Ketones by Arylation of Weinreb Amides with Functionalized Grignard Reagents             Li and Szostak 

S29 

 

149-150 °C. 1H NMR (500 MHz, CDCl3) δ 7.97 (s, 1H), 7.93 (d, J = 7.9 Hz, 1H), 7.82 (t, J = 7.7 

Hz, 3H), 7.57 (t, J = 7.8 Hz, 1H), 7.42 (d, J = 8.5 Hz, 2H). 13C NMR (125 MHz, CDCl3) δ 

193.64, 138.17, 138.05, 135.60, 135.58, 133.72, 133.33, 131.30, 129.54, 117.81, 113.07, 101.30. 

HRMS calcd for C14H9INO (M + H) 333.9723, found 333.9722. 

 

(4-Methoxyphenyl)(thiophen-2-yl)methanone (3ah, Scheme 2) 

 

According to the general procedure, I/Mg exchange was completed after 30 min at rt. The 

reaction of N,4-dimethoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly prepared 

thiophen-2-ylmagnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in toluene (0.25 M) at 

room temperature for 3 h, afforded after the standard work-up as described above and 

chromatography the title compound in 96% yield (20.9 mg). White solid. 1H NMR (500 MHz, 

CDCl3) δ 7.91 (d, J = 8.2 Hz, 2H), 7.69 (d, J = 4.9 Hz, 1H), 7.65 (d, J = 3.7 Hz, 1H), 7.16 (t, J = 

4.3 Hz, 1H), 6.99 (d, J = 8.3 Hz, 2H), 3.90 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 186.89, 

163.12, 143.87, 134.01, 133.43, 131.64, 130.73, 127.77, 113.71, 55.52. 

 

Thiophen-2-yl(4-(trifluoromethyl)phenyl)methanone (3ai, Scheme 2) 

 

According to the general procedure, I/Mg exchange was completed after 30 min at rt. The 

reaction of N-methoxy-N-methyl-4-(trifluoromethyl)benzamide (0.10 mmol, 1.0 equiv) and 

freshly prepared thiophen-2-ylmagnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in 
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toluene (0.25 M) at room temperature for 3 h, afforded after the standard work-up as described 

above and chromatography the title compound in 97% yield (24.8 mg). White solid. 1H NMR 

(500 MHz, CDCl3) δ 7.98 (d, J = 8.0 Hz, 2H), 7.85 – 7.75 (m, 3H), 7.65 (dd, J = 3.8, 1.0 Hz, 

1H), 7.24 – 7.20 (m, 1H). 13C NMR (125 MHz, CDCl3) δ 187.07, 143.01, 141.22, 135.29, 

135.16, 133.57, 132.36 (q, JF = 33.2 Hz), 128.25, 125.51 (q, JF = 3.7 Hz), 123.66 (q, JF = 272.4 

Hz. 19F NMR (471 MHz, CDCl3) δ -62.99 (s). 

 

Methyl 4-(thiophene-2-carbonyl)benzoate (3aj, Scheme 2) 

 

According to the general procedure, I/Mg exchange was completed after 30 min at rt. The 

reaction of methyl 4-(methoxy(methyl)carbamoyl)benzoate (0.10 mmol, 1.0 equiv) and freshly 

prepared thiophen-2-ylmagnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in toluene 

(0.25 M) at room temperature for 3 h, afforded after the standard work-up as described above 

and chromatography the title compound in 72% yield (17.7 mg). White solid. 1H NMR (500 

MHz, CDCl3) δ 8.16 (d, J = 8.3 Hz, 2H), 7.90 (d, J = 8.3 Hz, 2H), 7.76 (d, J = 4.9 Hz, 1H), 7.63 

(d, J = 2.8 Hz, 1H), 7.20 – 7.17 (m, 1H), 3.97 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 187.56, 

166.29, 143.24, 141.84, 135.22, 134.96, 133.19, 129.67, 128.99, 128.20, 52.50. 

 

(3-Bromophenyl)(4-bromophenyl)methanone (3ak, Scheme 2) 
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According to the general procedure, I/Mg exchange was completed after 3 h at -20 °C. The 

reaction of 3-bromo-N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly 

prepared (4-bromophenyl)magnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in 

toluene (0.25 M) at room temperature for 3 h, afforded after the standard work-up as described 

above and chromatography the title compound in 79% yield (26.9 mg). White solid. 1H NMR 

(500 MHz, CDCl3) δ 7.89 (s, 1H), 7.72 (d, J = 7.1 Hz, 1H), 7.70 – 7.61 (m, 5H), 7.36 (t, J = 7.8 

Hz, 1H). 13C NMR (125 MHz, CDCl3) δ 194.10, 139.05, 135.64, 135.55, 132.71, 131.85, 131.51, 

130.02, 128.42, 128.07, 122.73. 

(4-Bromophenyl)(3,4-difluorophenyl)methanone (3al, Scheme 2) 

 

According to the general procedure, I/Mg exchange was completed after 3 h at -20 °C. The 

reaction of 3,4-difluoro-N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly 

prepared (4-bromophenyl)magnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in 

toluene (0.25 M) at room temperature for 3 h, afforded after the standard work-up as described 

above and chromatography the title compound in 94% yield (27.9 mg). White solid. 1H NMR 

(500 MHz, CDCl3) δ 7.61 – 7.54 (m, 5H), 7.51 – 7.46 (m, 1H), 7.22 (dd, J = 9.2, 8.1 Hz, 1H). 

13C NMR (125 MHz, CDCl3) δ 193.00, 153.40 (q, JF = 257.0, 12.9 Hz), 150.25 (q, JF = 251.6 

Hz), 135.59, 134.56 (q, JF = 4.3 Hz), 133.52 (m), 131.88, 131.34, 127.99, 127.01 (q, JF = 3.7 

Hz), 119.26 (q, J = 18.2 Hz), 117.45 (d, JF = 17.8 Hz). 19F NMR (471 MHz, CDCl3) δ -129.92, -

135.78. 
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(4-Bromophenyl)(4-chlorophenyl)methanone (3am, Scheme 2) 

 

According to the general procedure, I/Mg exchange was completed after 3 h at -20 °C. The 

reaction of 4-chloro-N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) and freshly 

prepared (4-bromophenyl)magnesium chloride/lithium chloride (0.12 mmol, 1.2 equiv) in 

toluene (0.25 M) at room temperature for 3 h, afforded after the standard work-up as described 

above and chromatography the title compound in 70% yield (20.7 mg). 1H NMR (500 MHz, 

CDCl3) δ 7.73 (d, J = 8.4 Hz, 2H), 7.64 (s, 4H), 7.47 (d, J = 8.5 Hz, 2H). 13C NMR (125 MHz, 

CDCl3) δ 194.40, 139.22, 135.97, 135.46, 131.77, 131.43, 131.45, 128.80, 127.80. 

 

4-(4-Fluorobenzoyl)-N,N-diisopropylbenzamide (3an, Scheme 3) 

 

According to the general procedure, I/Mg exchange was completed after 1 h at -20 °C. The 

reaction of 4-fluoro-N-methoxy-N-methylbenzamide (5.46 mmol, 1.0 equiv) and freshly 

prepared 4-N,N-diisopropylbenzamidemagnesium chloride/lithium chloride (6.55 mmol, 1.2 

equiv) in toluene (0.25 M) at room temperature for 3 h, afforded after the standard work-up as 

described above and chromatography the title compound in 78% yield (1.39 g). New compound. 

White solid. Mp = 109-110 °C. 1H NMR (500 MHz, CDCl3) δ 7.81 – 7.75 (m, 2H), 7.71 (d, J = 

8.3 Hz, 2H), 7.35 (d, J = 8.3 Hz, 2H), 7.13 – 7.07 (m, 2H), 3.60 (d, J = 127.6 Hz, 2H), 1.29 (d, J 

= 198.2 Hz, 12H). 13C NMR (125 MHz, CDCl3) δ 194.68, 169.84, 165.54 (d, JF = 254.7 Hz), 
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142.69, 137.59, 133.48 (d, JF = 3.0 Hz), 132.72 (d, JF = 9.3 Hz), 130.14, 125.61, 115.61 (d, JF = 

21.9 Hz), 51.04, 46.03, 20.69. 19F NMR (471 MHz, CDCl3) δ -105.42. HRMS calcd for 

C20H23FNO2 (M + H) 328.1707, found 328.1704. 

 

4-(4-Bromobenzoyl)-N,N-dipropylbenzenesulfonamide (3ao, Scheme 4) 

 

According to the general procedure, I/Mg exchange was completed after 3 h at -20 °C. The 

reaction of 4-(N,N-dipropylsulfamoyl)-N-methoxy-N-methylbenzamide (0.10 mmol, 1.0 equiv) 

and freshly prepared (4-bromophenyl)magnesium chloride/lithium chloride (0.12 mmol, 1.2 

equiv) in toluene (0.25 M) at room temperature for 3 h, afforded after the standard work-up as 

described above and chromatography the title compound in 65% yield (27.5 mg). New 

compound. White solid. Mp = 70-71 °C.  1H NMR (500 MHz, CDCl3) δ 7.92 (d, J = 8.2 Hz, 2H), 

7.86 (d, J = 8.3 Hz, 2H), 7.66 (s, 4H), 3.15 – 3.10 (m, 4H), 1.62 – 1.54 (m, 4H), 0.88 (t, J = 7.4 

Hz, 6H).  13C NMR (125 MHz, CDCl3) δ 194.37, 143.86, 140.33, 135.35, 131.97, 131.56, 

130.27, 128.47, 127.09, 50.05, 22.05, 11.19. HRMS calcd for C19H23BrNO3S (M + H) 424.0577, 

found 424.0574. 

 

3-(3-(5-(2-Fluorophenyl)-1,2,4-oxadiazol-3-yl)benzoyl)benzonitrile (3ap, Scheme 4) 
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According to the general procedure, Br/Mg exchange was completed after 3 h at 0 °C. The 

reaction of 3-(5-(2-fluorophenyl)-1,2,4-oxadiazol-3-yl)-N-methoxy-N-methylbenzamide (0.10 

mmol, 1.0 equiv) and freshly prepared (3-cyanophenyl)magnesium chloride/lithium chloride 

(0.12 mmol, 1.2 equiv) in toluene (0.25 M) at room temperature for 3 h, afforded after the 

standard work-up as described above and chromatography the title compound in 70% yield (25.9 

mg). New compound. Colorless oil. 1H NMR (500 MHz, CDCl3) δ 8.59 (s, 1H), 8.50 (d, J = 7.8 

Hz, 1H), 8.25 (t, J = 7.3 Hz, 1H), 8.16 (s, 1H), 8.11 (d, J = 7.9 Hz, 1H), 7.97 (d, J = 7.7 Hz, 1H), 

7.94 (d, J = 7.7 Hz, 1H), 7.75 – 7.64 (m, 3H), 7.39 (t, J = 7.6 Hz, 1H), 7.32 (d, J = 9.0 Hz, 1H). 

13C NMR (125 MHz, CDCl3) δ 193.65, 173.25 (d, J = 4.6 Hz), 167.87, 160.84 (d, J = 261.0 Hz), 

138.23, 137.16, 135.72, 134.87 (d, J = 8.7 Hz), 133.87, 133.48, 132.37, 131.99, 130.99, 129.58, 

129.46, 128.89, 127.59, 124.79 (d, J = 3.7 Hz), 117.86, 117.25 (d, J = 20.8 Hz), 113.18, 112.63 

(d, J = 11.3 Hz). 19F NMR (471 MHz, CDCl3) δ -108.10. HRMS calcd for C22H13FN3O2 (M + 

H) 370.0986, found 370.0986. 

 

3-(3-(5-(2-Fluorophenyl)-1,2,4-oxadiazol-3-yl)benzoyl)benzonitrile (3aq, Scheme 4) 

According to the general procedure, I/Mg exchange was completed after 3 h at 0 ºC. The reaction 

of 6-(3-(adamantan-1-yl)-4-methoxyphenyl)-N-methoxy-N-methyl-2-naphthamide (0.10 mmol, 

1.0 equiv) and freshly prepared 1-methyl-1H-indole chloride/lithium chloride (0.12 mmol, 1.2 

equiv) in toluene (0.25 M) at room temperature for 3 h, afforded after the standard work-up as 

described above and chromatography the title compound in 82% yield (43.0 mg). New 

compound. Colorless oil. 1H NMR (500 MHz, CDCl3) δ 8.30 (s, 1H), 8.20 (s, 1H), 8.07 (s, 1H), 

7.99 – 7.96 (m, 3H), 7.89 (dd, J = 8.6, 1.4 Hz, 1H), 7.81 (dd, J = 8.5, 1.6 Hz, 1H), 7.63 (d, J = 

2.2 Hz, 1H), 7.58 (dd, J = 8.4, 2.2 Hz, 1H), 7.44 (d, J = 8.6 Hz, 1H), 7.17 (d, J = 3.1 Hz, 1H), 

7.02 (d, J = 8.4 Hz, 1H), 6.62 (d, J = 2.9 Hz, 1H), 3.92 (s, 3H), 3.89 (s, 3H), 2.21 (s, 6H), 2.12 (s, 
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3H), 1.82 (s, 6H). 13C NMR (125 MHz, CDCl3) δ 197.24, 158.90, 141.02, 139.03, 138.98, 

135.92, 135.38, 132.74, 131.08, 131.07, 130.40, 129.65, 128.10, 127.72, 126.61, 126.44, 126.00, 

125.73, 125.40, 124.81, 123.93, 112.15, 109.13, 103.01, 55.20, 40.65, 37.24, 37.16, 33.11, 29.14. 

HRMS calcd for C37H36NO2 (M + H) 526.2741, found 526.2739. 
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Mechanistic Studies 

 

Selectivity Studies: Electrophiles. According to the general procedure, an oven-dried vial 

equipped with a stir bar was charged with two amide substrates (each 0.10 mmol, 1.0 equiv). 

Toluene and a freshly prepared solution of organomagnesium reagent (0.10 mmol, 1.0 equiv) 

were sequentially added with vigorous stirring, and the reaction mixture was stirred for 3 h at 

room temperature. After the indicated time, the reaction mixture was quenched with NH4Cl (aq., 

sat., 1.0 mL) and diluted with ethyl acetate (10 mL). The organic layer was washed with water (1 

x 10 mL), brine (1 x 10 mL), dried, and concentrated. A sample was analyzed by 1H NMR 

(CDCl3, 500 MHz) and GC-MS to obtain conversion, yield and selectivity using internal 

standard and comparison with authentic samples. The observed selectivity is consistent with the 

relative electrophilicity of the amide bond.  

 

Selectivity Studies: Grignard Reagents. According to the general procedure, an oven-dried vial 

equipped with a stir bar was charged with an amide substrate (0.10 mmol, 1.0 equiv). Toluene 

and a freshly prepared solution of two organomagnesium reagents (each 0.10 mmol, 1.0 equiv) 

were added with vigorous stirring, and the reaction mixture was stirred at for 3 h room 

temperature. After the indicated time, the reaction mixture was quenched with NH4Cl (aq., sat., 

1.0 mL) and diluted with ethyl acetate (10 mL). The organic layer was washed with water (1 x 10 

mL), brine (1 x 10 mL), dried, and concentrated. A sample was analyzed by 1H NMR (CDCl3, 

500 MHz) and GC-MS to obtain conversion, yield and selectivity using internal standard and 

comparison with authentic samples. The observed selectivity is consistent with nucleophilic 

addition to the amide bond. 
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